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recommendation i.371


Traffic Control and Congestion Control in B-ISDN


(Geneva, May 1996)�


Abstract


I.371 set of Recommendations address functions and parameters for traffic and congestion control in the B-ISDN.


A user-network and an inter-network traffic contract are defined in terms of a traffic descriptor that includes traffic parameters and associated tolerances, of an ATM layer transfer capability and of quality of service requirements. Relevant traffic parameters and generic conformance definitions for these parameters are specified. ATM transfer capabilities that make use of these traffic parameters to allow for different combinations of QoS objectives and multiplexing schemes and specific conformance definitions applying to these ATM transfer capabilities are provided.


In addition, traffic control and congestion control functions are further specified, among which are traffic parameter control functions at user-network and inter-network interfaces. Some specific traffic control interworking configurations are described.


Finally, procedures for traffic control, congestion control and resource management are defined. This includes specific formats and information supported by resource management cells.
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�Recommendation I.371


Traffic Control and Congestion Control in B-ISDN


(Geneva, May 1996)


1	Scope


The B-ISDN, which is based on the ATM technique, is designed to transport a wide variety of traffic classes satisfying a range of transfer capacity needs and network performance objectives.


This Recommendation describes traffic control and congestion control procedures for the B-ISDN.


–	The main body describes the objectives and mechanisms of traffic control and congestion control.


–	Examples of application of the concepts are in Annexes.


In B-ISDN, congestion is defined as a state of network elements (e.g. switches, concentrators, cross�connects and transmission links) in which the network is not able to meet the negotiated network performance objectives for the already established connections and/or for the new connection requests.


In general, congestion can be caused by:


–	unpredictable statistical fluctuations of traffic flows;


–	fault conditions within the network.


Congestion is to be distinguished from the state where buffer overflow is causing cell losses, but still meets the negotiated quality of service.


ATM layer traffic control refers to the set of actions taken by the network to avoid congested conditions.


ATM layer congestion control refers to the set of actions taken by the network to minimize the intensity, spread and duration of congestion. These actions are triggered by congestion in one or more network elements.


2	References


The following ITU-T Recommendations, and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; all users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below.


A list of the currently valid ITU-T Recommendations is regularly published.


[1]	ITU-T Recommendation G.806 – Functional architecture of ATM network.


[2]	ITU-T Recommendation I.113 – Vocabulary of terms for broadband aspects of ISDN.


[3]	ITU-T Recommendation I.150 – 1995 – B-ISDN ATM functional characteristics.


[4]	ITU-T Recommendation I.311 – 1993 – B-ISDN general network aspects.


[5]	ITU-T Recommendation I.321 – B-ISDN protocol reference model and its application.


�
[6]	ITU-T Recommendation I.356 – 1995 – B-ISDN ATM layer cell transfer performance.


[7]	ITU-T Recommendation I.361 – 1993 – B-ISDN ATM layer specification.


[8]	ITU-T Recommendation I.363 – 1993 – B-ISDN ATM adaptation layer (AAL) specification.


[9]	ITU-T Recommendation I.413 – 1993 – ISDN user-network interface with broadband capabilities.


[10]	ITU-T Recommendation I.432 – 1993 – B-ISDN user-network interface - Physical layer specification.


[11]	ITU-T Recommendation I.610 – 1995 – B-ISDN operation and maintenance functions and principles.


[12]	ITU-T Recommendation I.731 – Types and general characteristics of ATM network models.


[13]	ITU-T Recommendation I.732 – Functional characteristics of ATM equipment.


[14]	ITU-T Recommendation Q.2650 – B-ISDN. Interworking between Signalling System No. 7 broadband ISDN user part (B-ISUP) and digital subscriber Signalling System No. 2 (DSS 2).


[15]	ITU-T Recommendation Q.2660 – Interworking between Signalling System No. 7 broadband ISDN user part (B-ISUP) and narrow-band ISDN user part (N-ISUP).


[16]	ITU-T Recommendation Q.2761 – B-ISDN. Functional description of the B-ISDN user part (B-ISUP) of Signalling System No. 7.


[17]	ITU-T Recommendation Q.2762 – B-ISDN. General functions of messages and signals of the B-ISDN user part (B-ISUP) of Signalling System No. 7.


[18]	ITU-T Recommendation Q.2763 – B-ISDN. Signalling System No. 7 B-ISDN user part (B�ISUP). Formats and codes.


[19]	ITU-T Recommendation Q.2764 – B-ISDN. Signalling System No. 7 B-ISDN user part (B�ISUP). Basic call procedures.


[20]	ITU-T Recommendation Q.2931 – B-ISDN. Digital subscriber Signalling System No. 2 (DSS 2). User-network interface (UNI) layer 3 specification for basic call/connection control.


[21]	ITU-T Recommendation Q.2961 – B-ISDN. Digital subscriber Signalling System No. 2 (DSS 2). Additional traffic parameters.


[22]	ITU-T Recommendation Q.2962 – B-ISDN. Digital subscriber Signalling System No. 2 (DSS 2). Connection characteristics negotiation feature during call/connection establishment phase.


[23]	ITU-T Recommendation Q.2963 – B-ISDN. Digital subscriber Signalling System No. 2 (DSS 2). Connection characteristics modification feature.


�
3	Abbreviations and terminology


The following abbreviations are used in this Recommendation:


AAL�
ATM Adaptation Layer�
�
ABR�
Available Bit Rate�
�
ABT�
ATM Block Transfer�
�
ACR�
Allowed Cell Rate�
�
ATC�
ATM Transfer Capability�
�
ATM�
Asynchronous Transfer Mode�
�
ATM_PDU�
ATM Protocol Data Unit�
�
B-ISDN�
Broadband ISDN�
�
BCR�
Block Cell Rate�
�
B-NT1�
Broadband Network Termination 1�
�
B-NT2�
Broadband Network Termination 2�
�
B-TE�
Broadband Terminal Equipment�
�
BECN�
Backward Explicit Congestion Notification�
�
CAC�
Connection Admission Control�
�
CBR�
Constant Bit Rate�
�
CCR�
Current Cell Rate�
�
CDV�
Cell Delay Variation�
�
CEQ�
Customer Equipment�
�
CI�
Congestion Indication�
�
CRF(VC)�
Virtual Channel connection-related Functions�
�
CRF(VP)�
Virtual Path connection-related Functions�
�
CLP�
Cell Loss Priority (bit)�
�
CLR�
Cell Loss Ratio�
�
CRC�
Cyclic Redundancy Check�
�
CS�
Convergence Sublayer�
�
CT�
Connection Termination�
�
CTD�
Cell Transfer Delay�
�
DBR�
Deterministic Bit Rate�
�
DGCRA�
Dynamic GCRA�
�
DT�
Delayed Transmission�
�
ECR�
Explicit Cell Rate�
�
�



EDC�
Error Detection Code�
�
EFCI�
Explicit Forward Congestion Indication�
�
FIFO�
First In First Out�
�
FMBS�
Frame Mode Bearer Service�
�
FRM�
Fast Resource Management�
�
GCRA�
Generic Cell Rate Algorithm�
�
GFC�
Generic Flow Control�
�
IBT�
Intrinsic Burst Tolerance�
�
INI�
Inter-Network Interface�
�
IT�
Immediate Transmission�
�
�
�
�
IWF�
Interworking Function�
�
LCT�
Last Conformance Time�
�
�
�
�
MBS�
Maximum Burst Size�
�
MCR�
Minimum Cell Rate�
�
NE�
Network Element�
�
NI�
No Increase�
�
NPC�
Network Parameter Control�
�
NRM�
Network Resource Management�
�
OAM�
Operation And Maintenance�
�
PDU�
Protocol Data Unit�
�
PC�
Priority Control�
�
�
�
�
PCR�
Peak Cell Rate�
�
PEI�
Peak Emission Interval�
�
PHY�
Physical Layer�
�
PM�
Performance Monitoring�
�
PTI�
Payload Type Indicator�
�
QoS�
Quality of Service�
�
RM�
Resource Management�
�
SAP�
Service Access Point�
�
SBR�
Statistical Bit Rate�
�
SCR�
Sustainable Cell Rate�
�
�



SDU�
Service Data Unit�
�
SN�
Sequence Number�
�
TAT�
Theoretical Arrival Time�
�
TPT�
Transmission Path Termination�
�
UNI�
User-Network Interface�
�
UPC�
Usage Parameter Control�
�
VBR�
Variable Bit Rate�
�
VCC�
Virtual Channel Connection�
�
VCCT�
Virtual Channel Connection Termination�
�
VCI�
Virtual Channel Identifier�
�
VCLT�
Virtual Channel Link Termination�
�
VPC�
Virtual Path Connection�
�
VPCT�
Virtual Path Connection Termination�
�
VPI�
Virtual Path Identifier�
�
VPLT�
Virtual Path Link Termination�
�
VSA�
Virtual Scheduling Algorithm�
�
The following terminology applies to this Recommendation:


On a virtual path connection:


User data cell


Any CLP=0 and CLP=1 cell generated by the user, exclusive of F4 OAM cells and RM cells with VCI=6 and PTI=110.


User OAM cell


Any F4 end-to-end OAM cell on the VPC generated by the user.


User RM cell


Any RM cell with VCI=6 and PTI=110 generated by the user.


User generated cell


Any user data, user OAM or user RM cell.


On a virtual channel connection:


User data cell


Any CLP=0 and CLP=1 cell generated by the user, exclusive of F5 OAM cells and RM cells with PTI=110.


User OAM cell


Any F5 end-to-end OAM cell on the VCC generated by the user.


�
User RM cell


Any RM cell with PTI=110 on the virtual channel generated by the user.


User generated cell


Any user data, user OAM or user RM cell.


How segment OAM cells are handled is currently not specified in this Recommendation.


In this Recommendation and in consistency with I.150 and I.113, ATM connections are unidirectional. Two ATM connections are associated for the two directions of a communication and identified by the same VPI/VCI at a given interface. It should be noted that traffic control procedures that apply to a unidirectional connection (forward direction) may imply cell flows on the associated connection in the other direction (backward direction). Also, traffic control procedures may use cell flows on the forward direction to control the backward direction.


In this Recommendation, QoS requirements refer to QoS classes requested from the user. QoS commitments are referred to where the network actually commits to meet QoS objectives, assuming the user generated cell flow conforms to a traffic contract. QoS indications pertains when there is not such a traffic contract between the user and the network, e.g. in cases where traffic engineering rules are used to operate the network and do not allow for commitments to the user.


4	Introduction


4.1	General objectives


The primary role of traffic control and congestion control parameters and procedures is to protect the network and the user in order to achieve network performance objectives. An additional role is to optimize the use of network resources.


The uncertainties of broadband traffic patterns and the complexity of traffic control and congestion control suggest a step-wise approach for defining traffic parameters and network traffic control and congestion control mechanisms. This Recommendation defines a set of traffic control and congestion control capabilities.


It may be appropriate to consider additional sets of such capabilities, for which additional traffic control mechanisms will be used to achieve increased network efficiency.


The objectives of ATM layer traffic control and congestion control for B-ISDN are as follows:


–	ATM layer traffic control and congestion control should support a set of ATM layer quality of service (QoS) classes sufficient for all foreseeable B-ISDN services; these QoS classes are specified in network performance Recommendations.


–	ATM layer traffic control and congestion control should not rely on AAL protocols which are B-ISDN service specific, nor on higher layer protocols which are application specific. Protocol layers above the ATM layer may make use of information which may be provided by the ATM layer to improve the utility those protocols can derive from the network.


–	The design of an optimum set of ATM layer traffic controls and congestion controls should minimize network and end-system complexity while maximizing network utilization.


�
4.2	Generic functions


To meet these objectives, the following functions form a framework for managing and controlling traffic and congestion in ATM networks and may be used in appropriate combinations. This framework is based on the fundamental concept of a traffic contract (see Section 5.3) that is negotiated between the user and the network and between networks when setting up a connection.


–	Network resource management (NRM): provisioning may be used to allocate network resources in order to separate traffic flows according to service characteristics.


–	Connection admission control (CAC) is defined as the set of actions taken by the network during the call establishment phase (or during call re-negotiation phase) in order to establish whether a virtual channel/virtual path connection request can be accepted or rejected (or whether a request for re-allocation can be accommodated). Routing is part of connection admission control actions.


–	ATM layer resource management (RM) functions make use of resource management cells, e.g. to modify resources that are allocated to ATM connections.


–	Feedback controls are defined as the set of actions taken by the network and by the users to regulate the traffic submitted on ATM connections according to the state of network elements.


–	Usage/network parameter control (UPC/NPC) is defined as the set of actions taken by the network to monitor and control traffic, in terms of traffic offered and validity of the ATM connection, at the user access and the network access, respectively. Their main purpose is to protect network resources from malicious as well as unintentional misbehaviour which can affect the QoS of other already established connections by detecting violations of negotiated parameter values or procedures and taking appropriate actions.


–	Priority control: Priority controls are functions that differentiate how cells are handled relative to each other by the network in terms of time priority or loss priority.


As a general requirement, it is desirable that a high level of consistency be achieved between the above traffic control capabilities.


A specific subset of these generic functions together with relevant traffic parameters and parameter values, as well as appropriate control functions and procedures are combined to create an ATM transfer capability (ATC) (see Section 5.5). This Recommendation includes a set of such capabilities which is intended to meet the requirements of different sets of broadband applications.


4.3	A reference configuration for traffic control and congestion control


The following reference configuration is used for traffic control and congestion control (Figure �\SEQ F f01�1�/I.371).


�
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CAC:�
Connection admission control�
UNI:�
User-network interface�
�
PC:�
Priority control�
INI:�
Inter-network interface�
�
UPC:�
Usage parameter control�
RM:�
Resource management�
�
NPC:�
Network parameter control�
�
�
�
NOTE 1 – NPC may apply as well at some intra-network interfaces.


NOTE 2 – The arrows are indicating the direction of the cell flow.


NOTE 3 – Feedback controls by means of RM cells go in the backward direction.


NOTE 4 – B-NT1 does not have any ATM layer function (see Recommendation I.413). It is included in the figure for sake of completeness and consistency with Recommendation I.413.


NOTE 5 – In this Recommendation, UNI refers to the interface at the TB reference point.


Figure �\SEQ F�1�/I.371


Reference configuration for traffic control and congestion control


4.4	Events, actions, time-scales and response times


Figure �\SEQ F f02�2�/I.371 illustrates the time-scales over which various traffic control and congestion control functions operate. The response time defines how quickly the controls react. For example, cell discarding can react on the order of the insertion time of a cell. Similarly, feedback controls can react on the time-scale of round-trip propagation times. Since traffic control and resource management functions are needed at different time-scales, no single function is likely to be sufficient.


�
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Figure �\SEQ F�2�/I.371


Control response times


4.5	Quality of service and network performance


The B-ISDN shall be able to meet different QoS requirements at the ATM layer. These QoS requirements are specified in terms of objective values of some of the network performance parameters specified in Recommendation I.356. These network performance parameters include cell loss ratio (CLR), cell transfer delay (CTD) and cell delay variation (CDV). In this Recommendation, QoS commitments referring to delays include cell transfer delay and 2-point cell delay variation (see Recommendation I.356).


Even though the QoS requirements of the B-ISDN users may vary over a continuous spectrum of values, a network can only handle a restricted set of QoS classes corresponding to specific objective values of the relevant network performance parameters. Use of cell loss priority (CLP) is addressed in Section 5.3.3.


The specification of the different QoS classes in terms of objective values for the relevant network performance parameters is out of the scope of this Recommendation and will be provided in Recommendation I.356. When the performance relative to a particular parameter is specified as being "unspecified", the ITU establishes no objective for this parameter and any default Recommendation I.356 objective can be ignored. When the objective for a parameter is set to "unspecified", performance with respect to this parameter may, at times, be arbitrarily poor. Network operators may unilaterally elect to assure some minimum quality level for the unbounded parameters, but the ITU will not recommend any such minimum.


Negotiation of a specific ATM layer QoS class takes place at connection establishment. The resulting QoS class is part of the traffic contract (see Section 5.3). It is a commitment for the network to meet the requested quality of service as long as the user complies with the traffic contract. If the user violates the traffic contract, the network need not respect the agreed QoS (see Section 5.3).


�
Network performance objectives at the ATM SAP are intended to capture the network ability to meet the requested ATM layer quality of service. It is the role of the upper layers, including the AAL, to translate this ATM layer QoS to any specific application requested QoS.


5	Traffic parameters and descriptors


Traffic parameters describe traffic characteristics of an ATM connection. Traffic parameters are grouped into source traffic descriptors to capture intrinsic characteristics of a source. The source traffic descriptor and associated tolerance parameters are grouped into connection traffic descriptors to capture the traffic characteristics of ATM connections at a standardized interface.


5.1	Definitions


For the purpose of this Recommendation, the following definitions apply:


5.1.1	Traffic parameters


A traffic parameter is a specification of a particular traffic aspect. It may be qualitative or quantitative.


Traffic parameters may for example describe peak cell rate, average cell rate, cell delay variation tolerances, burstiness, peak duration and may be derived from service type (e.g. telephone, videophone).


Some of the above-mentioned parameters are dependent (e.g. the burstiness with the average and peak cell rate).


Service type can be used for implicit declaration by the user of a complete set of traffic parameters, e.g. by declaring the service requested (voice, etc.). Service type may also include implicit declaration of QoS requirements. Such a descriptor would be used for example as an address of a look-up table delivering the corresponding set of traffic characteristics. In case it is used by a traffic source, it would therefore not be necessary to convey any other traffic parameter belonging to the source traffic descriptor (see Section 5.1.2) via signalling. Additionally, service type may also be used to describe traffic characteristics of a source. This applies for example when typical source behaviours (e.g. variable bit rate video using standard coding schemes) are learned from operational experience or other means and used by network operators to apply specific traffic engineering rules, which may result in QoS indications rather than commitments. The use of service type is currently not specified in this Recommendation.


5.1.2	Traffic descriptors


The ATM traffic descriptor is the generic list of traffic parameters which can be used to capture the traffic characteristics of an ATM connection.


A source traffic descriptor is the set of traffic parameters belonging to the ATM traffic descriptor used during the connection establishment to capture the intrinsic traffic characteristics of the connection requested by the source.


A connection traffic descriptor is the set of traffic parameters belonging to the ATM traffic descriptor used during the connection establishment to capture the traffic characteristics of the connection at a given standardized interface. The connection traffic descriptor consists of the source traffic descriptor and the associated CDV tolerances applicable at that interface (see Section 5.3.5).


�
Connection admission control procedures will use the source traffic descriptor and associated CDV tolerances as included in the connection traffic descriptor to accept or reject connection requests.


A description of the characteristics of the traffic that any given requested connection may offer has to be provided by the user at the connection establishment phase.


5.2	Requirements


Any traffic parameter to be involved in a source traffic descriptor should:


–	be understandable by the user or his terminal; conformance should be possible;


–	participate in resource allocation schemes meeting network performance requirements;


–	be enforceable by the UPC and NPC.


These criteria should be respected since users may have to provide these traffic parameters at connection establishment. In addition, these traffic parameters should be useful to the CAC procedure so that network performance objectives can be maintained once the connection has been accepted. Finally, they should be enforceable by the UPC/NPC to maintain network performance in case of non-conformance.


5.3	Traffic contract


5.3.1	Traffic contract definition


CAC and UPC/NPC procedures require the knowledge of certain parameters to operate efficiently: they should take into account the ATM transfer capability (see Section 5.5), the source traffic descriptor, the requested QoS class and the CDV tolerances (see Section 5.3.5) in order to decide whether the requested connection can be accepted.


An ATM transfer capability, a source traffic descriptor, associated CDV tolerances and a QoS class are declared by the user at connection establishment by means of signalling or subscription.


The selected ATM transfer capability (including associated procedures and options such as tagging), the source traffic descriptor, the QoS class for any given ATM connection and the CDV tolerances allocated to the customer equipment (CEQ) agreed upon at connection establishment define the traffic contract at the TB reference point. A similar contract applies at the inter-network interface (INI). CDV tolerances belonging to a traffic contract at an INI account for the CDV introduced by the upstream portion of the connection, including the CEQ.


For a given ATM connection, the source traffic descriptor belonging to the traffic contract and all parameter values of this source traffic descriptor are the same at all standardized interfaces along the connection.


In order for QoS commitments to be met, a conformance definition is specified at TB for any given ATM transfer capability (see Section 5.5). A conformance definition also pertains at each standardized inter-network interface. A traffic contract may apply to a VP or to a VC connection. As a consequence, conformance definition at an interface applies at the level where the traffic contract is defined (VP or VC). Additionally, a traffic contract for a connection may imply a cell flow on the connection of the reverse direction of a communication. In such a case, a conformance definition also pertains for the reverse connection.


�
The connection admission control (CAC) and usage/network parameter control (UPC/NPC) procedures are operator specific. Once the connection has been accepted, the value of the CAC and UPC/NPC parameters are set by the network on the basis of the network operator's policy.


NOTE 1 – All ATM connections handled by network connection related functions (CRF, see Recommendations I.311 and I.732) have to be declared.


NOTE 2 – Individual VCCs inside a user end-to-end VPC are neither declared nor enforced at the UPC(VP) and hence an ATM layer QoS can only be assured to the VPC.


5.3.2	Traffic contract and quality of service


Recommendation I.356 specifies QoS objectives for the end-to-end connection and apportionment rules establishing QoS objectives for each standardized connection portion. ATM layer QoS is a long-term commitment. The ATM layer QoS is assured to all cells when all user cells (or blocks, see Section 5.5.4) are conforming to the relevant conformance tests.


It should be noted that QoS is a 2-point concept applying to a connection or a connection portion, whilst conformance is a 1-point concept applying at an interface (see Recommendation I.356). As a result, conformance definition at an interface applies to cell flows that are submitted at this interface; the upstream portion of the connection is globally responsible for conformance at that interface, i.e. the user at the UNI, the user and upstream networks at an INI.


The ATM layer QoS need not be delivered to any connection that a network provider has determined to be non-compliant. Network providers can unilaterally decide when a connection containing non-conforming cells (or blocks) is non-compliant. The exact definition of non�compliance is a network provider responsibility. Even when a connection is non-compliant, a network operator may choose to offer some QoS commitments, see for example Section 5.5.3.3.


5.3.3	Traffic contract and cell loss priority


Depending on the ATM transfer capability, a user may request for an ATM connection a QoS class that involves two levels of priority, as indicated by the CLP bit value. The intrinsic traffic characteristics of both cell flow components have to be characterized in the source traffic descriptor. This is by means of a set of traffic parameters associated with the CLP=0 component and a set of traffic parameters associated with the aggregate CLP=0+1 cell flow component.


The network may provide a cell loss ratio objective for each of the components (CLP=0 and CLP=0+1) of an ATM connection. The traffic contract specifies the particular CLR objectives from those offered by the network operator for each of the ATM connection components. This Recommendation currently limits the use of that capability to two cases:


–	there is a CLR objective for the CLP=0+1 cell flow, irrespective of the CLP bit value;


–	there is a CLR objective for the CLP=0 cell flow, whilst CLR for the CLP=0+1 cell flow is unspecified.


5.3.4	Traffic contract and tagging option


With regard to the tagging option (see Section 6.2.3.6):


–	The user may request the tagging option to be applied to the CLP=0 user generated traffic in excess. In that case, the user to network information will be "tagging requested". Tagging will be applied to the connection or not, depending on whether the network implements the tagging option. The network to user information should explicitly be "tagging applied" or "tagging not applied".


�
–	The user may request the tagging option not to be applied to the CLP=0 traffic in excess. In that case the user to network information will be "tagging not allowed". The only possible answer (implicit or explicit) from the network is "tagging not applied". In this case, tagging is disabled at the UPC/NPC and traffic in excess will be discarded. As a consequence, the CLP bit remains unchanged from source UNI to destination UNI.


–	The default settings for tagging option are: from the user "tagging not allowed" and for the network "tagging not applied".


5.3.5	Impact of cell delay variation on UPC/NPC and resource allocation


ATM layer functions (e.g. cell multiplexing) may alter the traffic characteristics of ATM connections by introducing cell delay variation. When cells from two or more ATM connections are multiplexed, cells of a given ATM connection may be delayed while cells of another ATM connection are being inserted at the output of the multiplexer. Similarly, some cells may be delayed while physical layer overhead or OAM cells are inserted. Therefore, some randomness affects the time interval between reception of ATM cell data-requests at the end-point of an ATM connection to the time that an ATM cell data-indication is received at the UPC/NPC. Besides, AAL multiplexing may originate CDV (e.g. when a 2-layer coded video signal would consist in two flows transferred by ATM cells that would differ by the CLP bit).


Origins of cell delay variation are illustrated on Figure �\SEQ F f03�3�/I.371.


The conformance definition to the source traffic descriptor at a given interface (e.g. a UNI or an inter-network interface), as well as the execution of the UPC/NPC functions, require that the CDV attributed to the upstream portion of the connection and affecting each of the relevant parameters be specified.


UPC/NPC should accommodate the effect of the maximum CDV allowed on ATM connections which arises from the accumulated CDV attributed to upstream subnetworks (including CEQ).


In general, each component of a connection (e.g. the CLP=0 user data component, the CLP=0+1 user data component, the user OAM component and the user RM component) may require the specification of a different value of CDV tolerance for each of its traffic parameters (e.g. peak cell rate, sustainable cell rate parameter set). Therefore, the number of CDV tolerance values relevant to a connection depends on the source traffic descriptor of the connection and, finally, on the ATM transfer capability required by the connection. It is expected that only a subset of the possible tolerances would be needed. The modality of negotiation of the relevant CDV tolerance values between the user and the network and between two networks (e.g. on a subscription basis or on a per connection basis) depends on the traffic parameter the CDV tolerance refers to. More detailed information is provided respectively in Section 5.4.1.3 for the peak cell rate and 5.4.2.3 for the sustainable cell rate.


Traffic shaping partially compensates for the effects of CDV and results in a reduced CDV tolerance to be applied at subsequent interfaces on the ATM connection. Examples of traffic shaping mechanisms are re-spacing cells of individual ATM connections according to their peak cell rate or suitable queue service schemes.


The definition of a source traffic descriptor and the standardization of maximum allowable CDV tolerances may not be sufficient for a network to allocate resources properly. When allocating resources, the network should take into account the worst case traffic passing through UPC/NPC in order to avoid impairments to other ATM connections. This worst case traffic depends on the specific implementation of the UPC/NPC. The trade-offs between UPC/NPC complexity, worst �
case traffic and optimization of network resources are made at the discretion of network operators. The quantity of available network resources and the network performance to be provided for meeting QoS requirements can influence these trade-offs.
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NOTE 1 – ATM SDUs are accumulated at the upper layer service bit rate. Besides, CDV may also originate in AAL multiplexing.


NOTE 2 – GFC delay and delay variation is part of the delay and delay variation introduced by the ATM layer.


NOTE 3 – CDV may also be introduced by the network because of random queuing delays which are experienced by each cell in concentrators, switches and cross-connects.


Figure �\SEQ F�3�/I.371


Origins of cell delay variation


Figure �\SEQ F f03�3�/I.371 is intended only to illustrate functions generating CDV. It does not imply any relationship to the definition of traffic parameters (e.g. peak emission interval).


5.4	Traffic parameter specifications


Conformance definition to a given traffic contract relies on a non-ambiguous specification of traffic parameters. Relevant traffic parameters and conformance to any given traffic parameter may depend on the ATM transfer capability that applies to a connection (see Section 5.5).


When relevant, a tolerance will be specified in combination with each traffic parameter at an interface where a conformance definition applies in order to account for the impact of upstream multiplexing functions on source traffic parameter values.


For a traffic parameter specification to be non-ambiguous, a list of discrete values that any given parameter and CDV tolerance may take, expressed in the appropriate unit, is standardized in this �
Recommendation. In addition, translation rules are standardized, e.g. when a parameter needs more than one representation in more than one unit at the ATM layer or within management and control planes (e.g. translation from peak cell rate to peak emission interval, translation from maximum burst size to intrinsic burst tolerance).


Parameters referring to time intervals will be specified as subsets of a single generic list of values specified by a floating point coding scheme with a 10-bit mantissa and a 6-bit exponent as follows:


�\EMBED Equation ���


Conformance to service type is currently not specified in this Recommendation.


This Recommendation defines the peak cell rate (PCR, see Section 5.4.1) and the sustainable cell rate parameter set (SCR/IBT, see Section 5.4.2). Additional parameters based upon these definitions also appear in ATM transfer capabilities specifications when relevant (see Section 5.5). Additional standardized parameters which may be specified in the future should provide for a significant improvement of network utilization.


Peak cell rate is a mandatory traffic parameter to be explicitly or implicitly declared in any source traffic descriptor. In addition to the peak cell rate of an ATM connection, it is mandatory for the user to declare either explicitly or implicitly the corresponding cell delay variation tolerance tPCR at the UNI within the relevant traffic contract.


Reference configuration and equivalent terminal for traffic parameter specification


The reference configuration of Figure 4 applies to the specification of traffic parameters and associated tolerances at the UNI.


�
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Figure �\SEQ F�4�/I.371


Reference configuration for the specification of traffic parameters


NOTE 1 – ATM connection termination may be a VP connection termination (VPCT) or a VC connection termination (VCCT).


NOTE 2 – ATM link termination may be a VP link termination (VPLT) or a VC link termination (VCLT).


NOTE 3 – For further details on TPT, VPLT, VPCT, VCLT and VCCT, see Recommendations I.731 and I.732.


When an ATM connection consists in a number of connection components (e.g. VCCs within a VPC) that are generated by different sources at different locations, Figure �\SEQ F f04�5�/I.371 illustrates the cell rate of an ATM connection and its associated CDV tolerance by the means of an equivalent source and of an equivalent terminal. In this figure, ATM PDU Data_Requests from individual sources are virtually merged and spaced out at the emission interval corresponding to the cell rate of the connection. The ATM PDU Data_Requests resulting from the equivalent source would be ideally conforming to a GCRA(T,0) (see Annex A). Cell delay variation, as produced by the different terminal equipment (AAL or ATM layer multiplexing, physical layer functions, incorporated in an equivalent terminal) and by the customer equipment (CEQ), is captured by a CDV tolerance tUNI at the UNI, so that the cell flow at the UNI is conforming to a GCRA(T, tUNI). Similarly, a CDV tolerance tINI accounts for the CDV introduced by the upstream portion of the connection at a given INI.


�
It should be noted with respect to this figure that the equivalent source may consist of a single traffic source and a virtual shaper (case where there is an intrinsic tolerance attached to the source, see for example sustainable cell rate parameter set) or of a single traffic source without a shaper (case where the source actually produces ATM PDU Data_Request at interval T).
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Figure �\SEQ F�5�/I.371


Equivalent source and equivalent terminal for the definition of a cell rate �of an ATM connection


(This figure is illustrative only and does not imply any implementation.)


5.4.1	Peak cell rate


The following definition applies to ATM connections for any ATM transfer capability defined in Section 5.5.


The peak cell rate in the source traffic descriptor specifies an upper bound on the traffic that can be submitted on an ATM connection. Enforcement of this bound by the UPC/NPC allows the network operator to allocate sufficient resources to ensure that the performance objectives (e.g. for cell loss ratio) can be achieved.


The peak cell rate value as negotiated and agreed upon at connection establishment or subsequently modified via signalling or network management procedures shall be the same along a given ATM connection. The CDV tolerance tPCR associated to the peak cell rate may be different at different interfaces along that ATM connection. tPCR may not be the same for all cell flows of an ATM connection at a given interface.


�
5.4.1.1	Peak cell rate definition for a VPC/VCC


Location


At the physical layer SAP for an equivalent terminal representing the VPC/VCC (see Figure �\SEQ F f04�5�/I.371),


or equivalently at the transmission path termination (TPT) for the reference configuration representing the VPC/VCC, see Figure 4/I.371.


Basic event


Request to send an ATM_PDU.


Definition


The peak cell rate of the ATM connection is the inverse of the minimum inter-arrival time TPCR between two basic events defined above. TPCR is the peak emission interval of the ATM connection.


On a terminal with a single AAL entity and with neither ATM layer OAM nor RM flows, assuming that no shaping is performed at the ATM layer, location and basic event are equivalent to the following ones:


Location


At the ATM layer SAP for an equivalent terminal representing the VPC/VCC (see Figure �\SEQ F f04�5�/I.371),


or equivalently at the virtual path/virtual channel termination (VPCT/VCCT) for the reference configuration representing the VPC/VCC, see Figure 4/I.371.


Basic event


Request to send an ATM_SDU.


Referring to ATCs currently specified in Section 5.5 and in order to properly allocate resources to a VPC/VCC, a peak cell rate as defined above has to be specified for each component of the ATM connection, i.e. the user data (CLP=0+1) component, the user OAM component and the RM component. Some components may be aggregated (e.g. user OAM with user data). For each component, a corresponding CDV tolerance tPCR accounts for cell delay variation (see Section 5.3.5).


Examples of application of the peak cell rate definition to specific configurations are in Appendix I/I.371.


5.4.1.2	Specification of peak cell rate


The following list of joint values of peak cell rates and peak emission intervals (PEIs) defines the ATM layer peak cell rate granularity, which is used for conformance definition.


Specification of the peak cell rate values


The following formula provides for a list of 16 384 peak cell rate values LPCR ranging between 1 cell/s and 4.29077 Gcell/s. A floating point coding scheme with a 9-bit mantissa and a 5-bit �
exponent is used. The relative difference between any pair of successive values is quasi-constant over the full range and always smaller than .19%.


�\EMBED Equation ���


Specification of peak emission interval values


The following formula gives the corresponding list of 16 384 peak emission interval values TPCR ranging between .9995 seconds and 2.33 10-10 seconds. Relative difference between any pair (same values of mPCR and kPCR) of peak cell rate and 1/peak emission interval is smaller than .0977%. This list is a subset of the generic list specified above for time intervals. With respect to the 9�bit mantissa plus 5-bit exponent coding scheme for LPCR, one extra bit is needed for the exponent to code the sign and one extra bit for the mantissa in order to increase the precision of the coding because of the non-linearity of (x �\SYMBOL 174 \f "Symbol"� 1/x).
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where �\SYMBOL 235 \f "Symbol"�x�\SYMBOL 251 \f "Symbol"� stands for rounding down x to the nearest integer value.


The coding scheme has been designed so that any peak cell rate value is always less than its corresponding 1/peak emission interval value.


The negotiated PCRsig value supported by signalling will be rounded up to the nearest ATM layer PCR value within the list of values specified for conformance testing; this may be done using the following formulas:
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where �\SYMBOL 233 \f "Symbol"�x�\SYMBOL 249 \f "Symbol"� stands for rounding up to the nearest integer value.


5.4.1.3	Cell delay variation tolerance specification for peak cell rate


The CDV tolerance referring to the user data component can be declared either explicitly (e.g., by conveying the value in the signalling message on a connection basis) or implicitly. Implicit declaration is achieved by specifying the characteristics of the CDV at a given interface (e.g., UNI or INI) on a subscription basis or by means of mutual agreements between operator and user or between operators.


Characterization of the CDV tolerance at a given interface shall take into account the functions available at that interface. For the time being two extreme cases have been identified:


–	Stringent requirement on CDV tolerance: a connection request should not be denied solely on the basis of a CDV tolerance requirement if this CDV tolerance requirement is less than or equal to tPCR where tPCR is given by:


�
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where:


	–	TPCR is the peak emission interval of the connection (expressed in seconds),


	–	D is the cell transmission time (in seconds) at the interface link speed,


	–	a is a dimensionless coefficient; the suggested value is a=80.


–	Loose requirements on CDV tolerance: a large amount of CDV can be tolerated. In this case, only the specification of the maximum value of CDV tolerance �\SYMBOL 116 \f "Symbol"�MAX that can be allocated to a connection is envisaged. �\SYMBOL 116 \f "Symbol"�MAX shall be intended as the maximum amount of CDV that can be tolerated on the user data cell stream. tMAX is not specified in this Recommendation.


Between these two extreme cases, there are intermediate cases that could pertain at network interfaces and for which a default rule, based on PEI, could be specified.


The cases above do not preclude any operator to support different values of CDV tolerance, that can be specified at subscription times or by mutual agreements; in particular a given value of �\SYMBOL 116 \f "Symbol"�PCR might be specified for all connections at the interface. In addition, CDV tolerance may be conveyed via signalling on a per connection basis.


The subset of the generic list specified for time intervals that will be used to select values for tPCR will be coded as follows:
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This coding scheme should be used to support declaration of tPCR by signalling or management means.


Values of tPCR that will effectively be used out of that generic list is left to operators' decision.


5.4.2	Sustainable cell rate


The sustainable cell rate (SCR) together with a parameter characterizing the maximum burst size at the peak cell rate (intrinsic burst tolerance IBT) are intended to describe VBR sources and allow for statistical multiplexing of traffic flows from such sources.


The definition of the sustainable cell rate (LSCR) and intrinsic burst tolerance (tIBT) uses the reference algorithm in Annex A to I.371, referred to as the generic cell rate algorithm (GCRA). Intrinsic burst tolerance is supported by signalling in terms of a maximum burst size (MBS).


The sustainable cell rate parameter set as negotiated and agreed upon at connection establishment or subsequently modified and conveyed by signalling shall be the same along a given ATM connection. The CDV tolerance t'SCR associated to the sustainable cell rate parameter set may be different at different interfaces along that ATM connection. Whether t'SCR is the same for all components of an ATM connection at a given interface is for further study.


�
5.4.2.1	Sustainable cell rate for a VPC/VCC


Location


At the physical layer SAP for an equivalent terminal representing the VPC/VCC (see Figure �\SEQ F f04�5�/I.371),


or equivalently at the transmission path termination (TPT) for the reference configuration representing the VPC/VCC, see Figure 4/I.371.


Event


Request to send an ATM_PDU.


Definition


The sustainable cell rate denoted as LSCR, and the intrinsic burst tolerance, denoted as tIBT, of an ATM connection are defined by the GCRA(TSCR,tIBT) based on the arrivals of the basic event above. LSCR is the inverse of TSCR.


Sustainable cell rate and intrinsic burst tolerance belong to the ATM traffic descriptor.


For conformance definition at the UNI/INI, a tolerance t'SCR has to be added to the intrinsic burst tolerance tIBT. t'SCR accounts for the CDV introduced by multiplexing schemes at the cell level and at the burst level. One upper bound for t'SCR is dmax - dmin, the difference of the cell transfer delays (between the source and the UNI) of the slowest and fastest cells in the connection (or t'SCR may be chosen to be a small quantile, e.g. 10-9, of the possible delay variation).


When the peak cell rate is complemented by the sustainable cell rate parameter set (TSCR and tIBT), the source traffic descriptor contains the peak cell rate, the sustainable cell rate and the intrinsic burst tolerance traffic parameters. In addition, the traffic contract should provide for the cell delay variation tolerance parameters tPCR (related to the peak cell rate) and t'SCR (related to the sustainable cell rate).


When the peak cell rate is complemented by the sustainable cell rate for an ATM connection, TSCR is always larger then TPCR (LSCR smaller than LPCR).


5.4.2.2	Specification of the sustainable cell rate and intrinsic burst tolerance


Values for TSCR will use the same subset of the generic list of values and the same coding as that one specified for TPCR; this includes translation rules from LSCR and from signalling (see Section 5.4.1.2).


The intrinsic burst tolerance will use the same subset of the generic list of values and the same coding as the one specified for tPCR (see Section 5.4.1.3). Translation from the maximum burst size supported by signalling will use the following rule:
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where �\SYMBOL 233 \f "Symbol"�x�\SYMBOL 249 \f "Symbol"� stands for the first value above x out of the generic list of values.


____________________
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